ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Muitiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles
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Questions

1.

Imagine we rapidly uplift a iarge chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually preducing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

The dosheiol teuoloWEN  arereosed e TSidonce fran
ot (o2 ™ Ye a:\-mos‘plﬂart reomaa. v tnoeased W
arze oF The @Haverw o COZ wm he atnoyphase |

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth's atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

o R wN

o N

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer? .

Table B. Features of the Water and Carbon Cycles
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCQO3 in water into carbon in
your skin?
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Part 1: Class Work

Consider the similarities between the

Table A. Positive Feedback Loop
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
» Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster, _
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles
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Objectives mu TR
Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop
Water Cycle

Carbon Cycle

Characteristic

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Water Cycle

Carbon Cycle
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithesphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacits the residence time of CO2 throughout the entire Earth system.
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Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system. '

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of COZ2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

AN

o

@~

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liguid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes



ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

Aiderce Lime WL detrense.

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

éme, Doty aput beea bt ng,(me,lg s L
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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ISP203A — Global Change
Cycles

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concenirations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

ORwN

o

o N

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work

Consider the similarities between the
Table A, Positive Feedback Loop
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Student IDs of Members Present:
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Part 2: Group Work

Make sure everyone |n your group understands these terms before moving on.
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4. Chemical Energy (when is energy used and when is energy released?)
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Fill out Table B to the best of your abilitie;. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Water Cycle Carbon Cycle

Largest Reservoir
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i ot 000 opaon Ay crerertt

(XSO, YR O D\ dad oirn
LS 0A Wi st ¥

How are evaporation and
degassing DIFFERENT?

Mﬂi‘ 110 ccwon n’m) dieend-
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans,

a. Hc—)J(w WOUI(\HNS uplift impact the resideglce time of CO2 in the %tmosphere?
WOUA WNOYOE e (RNAene dine Oleds
YOKLR CO7 i -y O Ipapyeiee Y

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

w e e p ard doftages fry weothailrg
YOu-e. |

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

GANARK W\Q\W\q \O¥eated 1y m@\mqmm@ o

TRt The Ehwidprore increadt Wi catlidid
Tl g Lol WU otlan o inckead.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.

Tyw RO NN e ohmpephagp W deerpadon
WAL 880 1heg 41 (oo g I Tre 0GRS
Qecolide ey pake 1 sion
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir o change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin®?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

oA wN

o

o~

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matier on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

—Cosbon 13 an elenenk (net a ompeurd tie H,0)



GROUP # T
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Cvales AM2125792.

Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
oceon, sitam, 1Iaices, ca\agm‘gga O\EWS?MVQ (CC’;_:C.HAOJ OCW(CQCOSJCO;)HCO:g 2D
Reservoirs c\cudslosmesthare), blomass (sugars,crpnic carbon), ’
QrounsaOiex C'&G’\l§ ithesphece (UimestenesCaley, com, il aas)
voporodion, condensanon, | degassing, buriak, ccean acdi®insion)
Processes Precipiianon, di“’"“”%s"' Jiranspi,, Photosy mias s Arespivanon

sobtmadion Lnfittadion(recharep) B weakhering, Lumon proceses e LA

LowRr AT 3 16w anmount of wodde | noes o (288 thye soume bu{?':;\a

N ceservour, o fout Flow

Residence Times inerease e Loater crAQle A FLRAS

—— = N

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: beave s 4hok contosn WOGer 1wy Gy of the theedo
forms,

2. Evaporation:thm".ﬁjmci woier 1o a gaseovs stave

3. Degassing: AR cosben tn O different resemion e

4. Chemical Energy (when is energy used and when is energy released?)
C\(‘\Q)m\“cai VAL i§oan ef\M%\j vsed o CJnQ,n%Q Moder vl
A chiferony sioete.
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Water Cycle

Carbon Cycle

Largest Reservoir

ornGsphest becauge

tere s muln Moce (Comn
10 the xS PACE Hag
for @Oth Kwndof ‘ocdy of

omCEphost ke
HAKE (& YO oo ey
diexide 1n ik -Baod
f0Cln of Har ottuxr

boser O L eyrounck eSS
Qrovndw oA bor ol
b 1+ taxes
Longest Residence Time IO )OGD Léeax:g
AroNion onod energu namiood

Which is more important for
driving processes,
gravitational or chemical
energy?

hRCOUSR 1 ¥e0ps 4t

CUCIL. MONQ (compounds)

ok aure

bRADLSE $he. coxbon is
Gnonged 1t oliEferent
forms throvgh Fha
Peass (ewgmant)

\mportant

How are evaporation and
degassing SIMILAR?

both break down bonolS and  put
Hamn iy A aanmosPhC

How are evaporation and
degassing DIFFERENT?
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
H woould decrtase HAL resiclence e of (0 1
e odmo sphace

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,

monuments, and bricks? g yocks weokher Ok A €Qster
Y0FQ o previcusiy.

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

The umeunt of WO in -t 0Ca®in cleererses dR o o
mafer dvbuofal. THiS Meouns thot Ha outfious o -~
worer clocrextes maounag Haou Hhe tesiolnce .

weuid e fawered. L

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system. “As in +i4Q Rxample adoove uwhare o i iy

_ OU’%Q Cinune
P cm%qul WHhoSphore DIt MOung & hugl mountoun
rcm%gzv S euld I neraase g ROT '
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

LN

=2

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work

Consider the similarities between the
Table A. Positive Feedback Loop

GROUP #: ¥
43922358

A3 6%

Student |IDs of Members Present;

A8 337 A48 CLO27

Characteristic

Water Cycle

Carbon Cycle

Oceon, lakes, §hraums,

ﬂ-hﬂo 5? "\e-f‘f.«i goLamn . b,brmgs

Reservoirs glovtﬂ‘-\‘”‘; ¢ louds 3?’0“3‘-”“'[" [ithesphese
@quomhcn pnc:p:mhwl olfjaSSmj Q;M‘oj oleoun
Processes vechary | o c8THEFON oy 1 s

Cmavﬂsa/hon A sdnw

SV lrmohien

Vtsﬂlf&boﬂ wec\:H\ g /

Residence Times

lower  veSidance, bipg =D fower
amovat o gt

SARE pAs waler cycle

Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: _sne«e

2. Evaporation:

3. Degassing:a)l

{ 1'5‘ Uﬁ-&

e l"\oab«‘ —\C\\

MOVlﬂj ‘{"{QW\

54 ‘l\@.‘&

’cs.amiﬂffﬂ inte  a ﬁa&

e eocean o e admosphere

4. Chemical Energy (when is energy used and when is energy released?)
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fo rment

waheny
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
Largest Reservoir Ocean Atmosphere
Longest Residence Time Croun&::q\o( Rorial
Which is more important for Grastakional Cemical
driving processes,
gravitational or chemical DAY ey
~ energy?

How are evaporation and
degassing SIMILAR?

[N g

Be¥n cz.\mggro,\'t‘m wad &t_jﬂwn'rﬁ

Ere.a.kh-j dm.nq A ppleeyult  ond [ady

%\f\-‘— Q*W\cg?l\m .

How are evaporation and
degassing DIFFERENT?

‘\—'.\IG.PO radian s Bfuw: V\j dow n f.1 wid J‘°
o j “t W eing a8 A&fj‘i‘f% % l'hjr s
beeatn B Co. ;
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere fo make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering producis make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

T"‘ ENEo be Conlg_. Ly WSYVES § b Mace Coa ‘N

’{:\’\L a‘.'{'MD%)}\ [ 3T Ny

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

/‘}\L inevreati. i d=Y in -HJUL_ q_-\fmggekw ‘A_’;”

Coras vy aiy e vhasd, N e adturin j an Har gt

Pra Avd—g,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

The Ifhospheve  jnevemccs by 'Plen.k, techbonic g_¢+,\,;h/ with  Lanwtd

W EvLen .
ot it avaoond b L_-.\)Q_S‘é_ﬂr\g & -u_:s;,j an rerea g

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
T \incstone  7g %hM Sramn Yoo \(’rkesf)w!.! e wet &

wtadire ond S v ok e f%:’m’-ﬁmecﬁ -#ﬁ'nc. o ¢ q,_ .



ISP203A — Global Change
Cycles

[\ e v% T
Objectives. S o
Upon complet|on ‘of this activity, you will be able to:
aBXegognize how carbon moves through the environment.
A et Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason {o how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials 1o rise or fall due {o the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

o omwN

© N

PART 1: Background Notes
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Cycles = D40986 655
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle ol Carbon Cycle ‘
Erm‘g , ("Dz) : 39'"5
| OLeon 1 S « BiaanS | mbsphare; 0CaN (G5,
Reservoirs %l@gj}.%ﬁ, (e, cloodS  |posphece (Lipmass =7 Soers, ory —~
LuoPocodon, (hadensadan "oa§§wiﬂ~9 D) {)uria/l"*——ﬂ—t‘_‘_l
Processes PrecPacbio, SSNrR) | i o licasone, s ] 2
lololr rt3idna I aan orleds M Some
Residence Times prwt of- wader i reatrvoit mﬁ@’ﬁ
mP{cw-k ow}%ﬁ’ vp .

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:g—fm—g,c f/,;,/gs Lo ww?:ror (aféan

l,‘q/m’ &
2. Evaporation: Weler ko s &toole. N ook~ o o C{jC'LS
with iMGcased Hemal enery.

3. Degassing: ﬁecja,gg\\ﬂca s when ¢0- mou%fg’om % (30,5 in ~HAL
oceah YO o, %&3 in Yo oshesfiet

4. Chemical Energy (when is energy used and when is energy released?)

Cargy 3 (oased when bonds bedueen meolecdles e broken end i4 (s
Vsed hen patdec OhO/\%QS
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have fo support your answer?

Table B. Features of the Water and Carbon Cycles

d

Feature Water Cycle Carbon Cycle
Largest Reservoir B osfhm_j Guig - o
Rocidree. Ses ore He Sz Qeco €5
Cycles.
Longest Residence Time
Bod ot equodly- wngerdont o ok bocot

N eyete « Chewi cald

Which is more important for |.}.. . -
driving processes, WJA&W wufpad_@ml méiiw 4o be
gravitational or chemical neles S et f’@rr@@l
energy? % qhw ; «We% f‘% i %{V{’—J— £ 1€
Qrunoft yreo‘.g){ded»v‘S
Wp bt nuolue involue Mmoleais
oo g 0. resavol Oud galeing e
How are evaporation and | ;N6 § ph@rt’; .

degassing SIMILAR?

How are evaporation and
degassing DIFFERENT?
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Chenoyl OF gait
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
The postdonce dme poodld inaeese .

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added COZ2 on the weathering rate of rocks found in mountains, -
monuments, and bricks? Pel&

“Troo, woold weates taske  Heause €D Hrore_
TSW\EI\Q (oroon W L OU)(MOWM‘.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residenceTime of COZ Throughout the entire Earth system.

g we oold ekt e of e ccimesphee, 24
NGCase -JL{, - Coy sprvds in e odmosplere ( Neeayed
ressdenes ML) T e iwere 4o Mol @ ASkuow
stolder, de (04 coould spend oss dme in Jiad
1?8'-((15‘?’- CY\oﬂeaw«c:) e St coold motie Mo e 7)0
S o slowser

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.

TF woe 00, had along peaidece dme n e actmesphere,
WS woutd allows R more 0y o reman in e ol ond
wwould  onsed H O\w“%r\\ﬁu% Kopeh 4o on Exleene
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Objectives
Upon completion of this activity, you will be able to:
» Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to refurn a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

ok wN

o

o N

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

GROUP #: (o

RUl§23212
A2 o042

Student IDs of Members Present:

Characteristic Water Cycle

Carbon Cycle

- OCeonN | Glechel] e S -
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs; A_ MS,UUG‘,\(' ‘\S o 5""@ Pl7 CF NCL’-‘Q.( ! o ‘.gp_ U\vb‘uk(\?,
£roa on OCLpn ty wdu in mLMc&QWQ-

2. Evaporation: f +\’\?£ F uoeor'QZakCK\ § Niquidy, H gecore en

Scrbre o WFpoiek

3. Degassing: Rcwa\ JAiss oloed b—d;es ‘F{M \‘.c(u‘. C&S

4. Chemical Energy (when is energy used and when is energy released?)

(])o\ré— F ({\elazb A eCam_Sg d"{,“.s' o b& [‘C,\ie o‘:-e:c:}\ {CD'-:}

Chamsiced  Frac.befy




ISP203A — Global Change . y
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles
Feature Water Cycle Carbon Cycle

02enNS COZ/

Largest Reservoir

Océe\zaesxs Coz 1o ocer e
&kgi(}d.h C-&'J‘bd\py)
Longest Residence Time
Grov? INE Cloprd Cou\

Which is more important for
driving processes,
gravitational or chemical
energy?

Bdh ?musges chaol  wibn Qpees erdl

Feens Bacmalvery glotestes .

How are evaporation and
degassing SIMILAR?
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&a J\&gﬁﬁatq dxéo\’,‘ il be Cinnne ré,

How are evaporation and e Lmn, groder

degassing DIFFERENT?
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Questions

1.

imagine we rapidly uplift a large chunk of coniinental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this upliff impact the residence time of CO2 in the atmosphere?

Tt wondd vnernop o W Agpdinge W
W He OIS e 1 (o Wm weud o e

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathermg rate of rocks found in mountains,
monuments, and bricks?

gL 002 witl Unesgae w«-e.wmm%
o Hest fodus dxcl Mo dns

Describe a situation where {he size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

fF' A‘H’@D3 less celon n e gkmﬁeg@l-e;ﬁ o ()
e o e e OCeon orch- crecle e S0 L*“"..)l‘

fesi Moo MM .

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
Coton s offcated. A e rivery) (Mes |, 0Ceans, ecd
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.

1. Describe what it means for a reservoir to change size.
AN

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4, How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes fo return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher iemperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

8Cean lake, 9(00:/\6(( ﬂﬁquos‘dw.e.. oLeens Si«d&’

Reservoirs !
tlouds, streoms
Cuaflotign ( Condenmh’ﬁry
Processes 1 by
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: SOM{H/L@ H/\a,{' lan %o(d ke

2. Evaporation:

,-IUCZouc( &)fmvlcj o 0\,30@

3. Degassing: {\... ?m:s [ A ey rdﬂgvuﬁ s The M,,},MA ¢
TR v -
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4. Chemical Energy (when is energy used and when is energy released?)
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have io support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Water Cycle Carbon Cycle

Largest Reservoir

@,(\Vnos@mre,
€0, CHy

& Cear
the b{&o,ye‘scf

Longest Residence Time

OCeon
NS b*@ﬂQS‘—

(Lo
M(UL b\ﬁ%ﬁ@“"

Which is more important for
driving processes,
gravitational or chemical
energy?

vaWLVGY\CL! Unomeal
© 00NSE 0 (Gcloon cony o

@(\QQ\,\Q&@ Noele \V\&@%/v\d

How are evaporation and
degassing SIMILAR?

(OO
they are ok akoot honds
bNCm,UVJﬁ

How are evaporation and
degassing DIFFERENT?

L\NL wioker el
‘DZ.QQLSSW has to do wof e
Courloon evele
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of COZ2 in the atmosphere?
TM UQ W Lood vieeea s P NNO(’(V[CQ
@cf‘ QOq_ iy e QA‘VVUZ)‘SQI'QVQ— ) %{C‘a,d%& *ngr\(_,\g
\(V\.Om C01 “PO.S-LO(, i‘\- w‘l’\ &*ﬁ,k&_ [OV\CEP ﬂ()(‘ '\L/\,\_“

h e evcie.
b. Sigr%%é‘r%%ore t%z e%ﬁ- iﬂf\lg msphere since\{he industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

T\r\x, add&d CO-:_ N fhaa Q}w_wspl-cre, N MasesS

Pt rade ad wolich Weaﬂwa@ ocCws . The mene
LOL M\Lal-mosiolf\t(&, Mt pove weathured @bigc?(\s

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

The oot of o1l (}»n(rkd ouf of e 3f‘0&)vd
dect\ea,ses e gure 0t vesagoir andl

decrease e resicence fime o Fiha o2 loony |

Describe a situation where ihe residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system. k l H
T e weden'F Yo dr bl ol Hhe esidenee

lime of €02 wguld lo2. ‘nereosedpheeaost e
e Size of M\JL e Servov— wadld o2 wereq vedf
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Objectives :

Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
» Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules.- Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes matetrials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
Lithosphere : lineskon 2 V/g N 'S

ocean, dhauers, hakes, A¥wospherescarbon didxide, wgHiant \
Reservoirs S treams, CLOUO”SI SVU\N\WW OWBNns: caltium Cabemte , AYbgm digxi 4t (qas]
Brosphere s Suqavrs , svg-wit (wboh

EVaPorofion , (o dengationy 9997’55“;‘%héuvi?)\:u 0CEdn

Processes TTNTVR AU dIE Wotosy 11 hes
Pm‘?;‘;?f“(‘ i‘i““i‘ﬂt)émm*“” respication ' *Weatherive
Law (7 oF 0= &S $im¢.

Residence Times  [* i€l® 4uition = & ves +img et Gg‘;f\fslse e

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:

A stOvage Pofm- OF 200 (eS oF waINV
(ie  streams, clouds, efc)

2. Evaporation: N |
when wikey oo e 1esevver [0 sC5 dewsr+>/ ; be comes 2

s, oand s fo @ differtid 30y oY

3. D ina:
ewi&;fselrr!\iew— 0 62565 e+ reen qm/msp(n@w ond

nyanspheve ~ balees @nerqy, 0(0on —p s phere
Carpon Drovide  waoves Fowt OCedn

4. Chemical Energy (when is energy used and when is energy released?)
I 2dAHIN 6V SsbHBCHOS  of  jen s/ ytomis MY j”m}
sobstifiee (e C(dtbén added +6 3 cfsmpoumb)
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
Glruer G- a4 |
. \ WS P ey e-
Largest Reservoir LOVLCJJ €$|‘{r€5 i dentd Al Cavbon Ovi' E3vth/Ocan
+itn e AL W/ 2EmosphtH
GRS - Litospleee -
N
Longest Residence Ti Bigaes \ ool 15 |
ongest Residence Time 99 A 3 havdel Fovm 1s

themseolly  de conghact

Which is more important for
driving processes,
gravitational or chemical
energy?

Gyravitdiionals

Donsiby ¢ WS
pusly ht cvdwlO\qﬂ

Caeraical e
Addiiion /svprattion
oF vt ¢aYbon I
v vioys (0MpaungS

How are evaporation and
degassing SIMILAR?

Evapoation g deqossh

Yooty

WMoN e Sobstas o ovie yesewal
o 3 wew 'Q‘rWUsP\/Lm"Q

VERYNGY,

How are evaporation and
degassing DIFFERENT?

euapoirion AN es the &Nty of
5 substohce whids deqassi
changes  The Chemig) Kh'sz(uﬁo
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Questions

1.

Imagine we rapidly uplift a large chunk of continentai lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans,

a. How would this uplift impact the residence time of COZ2 in the atmosphere?
Residence Hime 1 the dtmosfhtry  would Muense sing
(02 between fne stispheve NS Ry dyosplere always stoy
b 1onctd - s means Fne more - CO2 it € oceaing/ streamn
The wwve in the 2ir.

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

The weatheying yhe Wer@sec heeadne @ FhR
Edt\\”r\} of Y2in 1S [ﬂ/thV,

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

e moere calclum (bovave palleChs g Hhe 0O Ip
ow W Legs (AVon (ipus deeezses es dimy,

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system. a[\/(lﬂ\ 0GR gy of DW[Z)

:uf}y Z(H‘ﬁ“\/ utilized el Fhe feil‘dUlée ‘/f‘mﬂl{n
by resorioys  will decveest  sing ol

NWVEbsed pylflow  €vonn  TRe o) /(o (s v~
owers e, wme  ovevsil
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Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an aiom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from COZ2 in water info rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCQ3 in water into carbon in
your skin?
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Objectives
Upon complétién of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
» Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed fo break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the

Table A, Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

2. Evaporation:

3. Degassing:

4. Chemical Energy (when is energy used and when is energy released?)
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

grev:

Which is more important for
driving processes,
gravitational or chemical
enerqy?

Feature Water Cycle Carbon Cycle
OCéS anyg  ant Atmore bete nl
Largest Reservoir a Fr a0k (s /o Fhaphete
L |‘7L4 &J’ 46 '(lf:'
Oc¢ eans and #
Longest Residence Time & Jacigls
te Fehe |

Cl,gm?‘c’ef (

Bory avs

How are evaporation and QC eans

degassing SIMILAR?

ComM s S v ory

}0 Gt ﬂxﬁémw

How are evaporation and

degassing DIFFERENT? T atbon

O,C—"af_r W‘)LLI

The Jvuletrence
O/éﬁe_g,},gj 7 é s toi b6
ond G0 Cerign
Hy 0
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eveniually oceans.

a. How would this uplift impact the residence time of COZ2 in the atmosphere?

Ty tedd pur wmore CO: ndo jhs
atwmaohsts, +ho inCleerins y4s (&) 6nc6
+ 6,
b. Significantly more CO2 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,

monuments, and bricks? _},29 1? 6 CO’Z, (e tors 4 /o

{gd +o hig e acidificesion feter on  (OCks

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

f@\/ Feoking o) ovt o yhe Sroypd ol Curmins
S e TC Nsarg (Oritence Lime of (Ca 1'u

the  atmasobens

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.

The  poct Co 2z i f%?!' Int /‘LL )4}%633’,0%/(’
‘ﬁ\a /gyp,/ /l\t Y, o/t’ﬂ(g/ e t’lz Coz In 1[/\«0 1’4/[”’155;4/1;{/6
Tf\ﬂ Mord CO 7 ,/l #( /4/[”1,,-?://&/-( , }L{ Wos A
Co, L4 /Darﬁ Y ffV\«/LC #a Creaps N,(Kf 7é[(
l'/"lg:utﬂ@ e f '
’L\"‘-f Oﬂ Co4g {n LS ES (¢ ea -
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Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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PART 1: Background Notes
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Part 1: Class Work

B

Consider the similarities between the
Table A. Positive Feedback Loop

P424A244QQ
ANZZ TTTLO

GROUP #: l u
Student ID Members Present:

PEBZTG 269

Characteristic Water Cycle Carbon Cycle
OcLa \@mex\ la s, admos gnere (COz ,Ch0; ) Gkl
Reservoirs mmg,}c,\oodg § o\\ ocean ((~(9 5 o, tHO) ﬂ
(S‘\'D\"CLQC) acovndwaker biomass vgars, orgoricl)
e,\ja,v_pm“ cor\de'ﬂgod'\On c\ﬁS&S vun °“\ O cealin
Processes precipirazion, Ais, e:)J Gtualr‘r"xm—:é‘ o pla cs\'Os.;;aMgu S

"’ﬂﬁvh
501 inainon .,(e,chc:.r-qc:,

rtgpi m""\ I, WebTrhee h,vl

Residence Times

Nowee s 265S (Oocder

inflow + sutrMow op ;:—’-V Senl

Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:

6\0«345& Lor ‘™

2. Evaporation:

2368 of welx (J\wﬁe,goné,r'\vem@;c)

\i—l—koS?hér“t
Oih\ estorg )
CalO3 tomd) o3}
Aas)

!

The poess W whion o Yigoid Y&emes o ox0S.

3. Degassing:

When molécules move

= @missions oF Aas €

4. Chemical Energy (when is energy used and when is energy released?)

e erwrgy prodlced  when bondsS are

YO,

o %t CROED

Thae LGN ged when  bonds  axe Formed..
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B, Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
(‘\j%‘a{z{?..r_jowa_h) Om05?1"2 e
OGN

Largest Reservoir When oS ot

OCL i OC& i

Longest Residence Time

OFo-Ul Fadioned O cod

Which is more important for
driving processes, Cootny (bo H->

gravitational or chemical

energy?

“\N\w) DN e NWE  vo\ea NS

How are evaporation and Mmowin 5

degassing SIMILAR?

WaQ. S ple coles clnana“a g
How are evaporation and E’___--—-—-

degassing DIFFERENT? . ‘ . .
’ O\-QE-)OSSW‘C) S olkco\es MOUW\\?
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a farge volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
T wooul\d Ie,vns-\*\r\e.n Adve ve tmoce Caroen

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

"Ml ymore COZ 1N a.f'r'mosPh,e,rt ceSes
o re N‘HVM} en te Yooy

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of COZ2 throughout the entire Earth system.

C,Y\cv-}r\s{y—\ O Q/L,&W\Jc N mq,a(c,kf,

eleront Coc/eax\) z:u\—MGS()L«Lwe’ ekcﬁ

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system. : -
T S ke San~f as alkeve becat$e E’

Cf’wu'\—?zs w hein He siZe of o regersoir

C/L\.a—'r\f),zs



ISP203A — Global Change rud ls

Ciycles -

ALl f'.gu_a

Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

A wnN

o

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes io return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

GROUP #: \S
Student IDs of Members Present:

AI0NRKO - (i S

Characteristic Water Cycle

Carbon Cycle

) OC‘MA' 5[:;ch\{¢'=,‘ \”‘kf’f,
Reservoirs st s, (lpvele
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs;

T oF tpivara  bning C abs y (o b o ) he ¢

1nflay / OUtFlgan

2. Evaporation:
} Té( \J\\f\ Wk 15 aua ?0*- eturg

Frovm vy LS Lsas

3. Degassing:

YAt gt ofwiaphent ond

4. Chemical Energy (when is energy used and when is energy released?)

Eregy 7 wltaged e Yy faned and

LSPA

AN Yurds Yover 2 2 @'5'-( -
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
. N
Gbeespre &L (\t e Slone 1.
Largest Reservoir DS
Longest Residence Time SCrewe | Linonpra v,
Which is more important for
driving processes, G i b iy LTt 26\
gravitational or chemical i’
energy?
How are evaporation and ﬂ“’f . betn  Chong vy, e Chew 246l

degassing SIMILAR?
Cow P2 517 of SeeneAnivg |

£ us pox -

How are evaporation and
degassing DIFFERENT?
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1.

4
i

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

INCRASe (ol bon N4

TND KW RA oN0deuwe (e
Tnewq s© peshence 3 M

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

CnCage . M laasC Y
Mol (D (N FoS

[ o A Dy

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

NGO Mooatain  Prges  dopae SR 1 M

g O 0F (hioun  dioedl ¢ W eresPloce

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system fo equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop
Characteristic Water Cycle Carbon Cycle
S (Lo, tiy) O
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Part 2: Group Work ‘
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:
oA Vate wineve oder s S+o/ecf

2. Evaporation:

'Q/l'ﬂmd Yo \CJC‘Q

3. Degassing‘:db
of
curlognf‘\ moving Bown OCeon o tdmosphnart

4. Chemical Energy (when is energy used and when is energy released?)
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
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How are evaporation and
degassing SIMILAR?
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How are evaporation and
degassing DIFFERENT?
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Questions

1.

Imagine we rapidly uplift a large chunk of coniinental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of 002 throughout the entire Earth system
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Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

R wn

o

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

. Buoyancy causes materials {o rise or fall due to the relative density of materials.

Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop
Characteristic Water Cycle Carbon Cycle
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Part 2: Group Work
Make sure everyone in your group understiands these terms before moving on.

1. Reservoirs: b % cenualc S o ¢ wtdof ¢ b W) tan b@@w}kﬂﬁ From an o Io wler i
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2. Evaporation: . § '
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4. Chemical Energy {whenis energy used and when is energy released?)
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
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Which is more important for
driving processes,
gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

They bbb fge  [rawk

Qo3 trargeoh’ i

How are evaporation and
degassing DIFFERENT?
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

The resihonce Mt Juonld Thorarsr [eqamse Here 1S mee gohon

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system. .
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Objectives ——

Upon completion of this activity, you will be abie to:
« Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason o how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of maiter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materiais.
Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work

Consider the similarities between the
Table A. Positive Feedback Loop
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GROUP #: \%
Student IDs ©f Members Present:
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Carbon Cycle
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:

Slee s

2. Evaporation:
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3. Degassing:
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4. Chemical Energy (when is energy used and when is energy released?)
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
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Largest Reservoir
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How are evaporation and
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of COZ2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,

monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacits the residence time of CO2 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth sysiem.
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Part 3: Homework ‘

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
» Recognize how carbon moves through the environment.
« Reason about the role of different events in changing COZ2 concentrations in
Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.

A system is in eguilibrium when energy in the system is balanced.

Matter moves and changes to return a system to gquilibriym.

Energy is needed to break bonds and is released when bonds form.
_Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Bugyancy causes materials to rise or fall due to the relative density of materials.
Feedback L oops can accelerate, decelerate, or dampen change.
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ISP203A — Global Change

Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycie
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Part 2: Group Work
Make sure everyone in your group undersiands these terms before moving on.

1. Reservoirs: . . . . s
'
2. Evaporation: ;¢ - s .. v e s DTS T T pfr S s A
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3. Degassing: "- = ... - 50 Tl T Dae s enl
4. Chemical Energy (when is energy used and when is energy released?) S
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Fill out Table B to the best of youf abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles
Feature Water Cycle Carbon Cycle
N - 7 7 N
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monumenis, and bricks?

o
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-

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacis the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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PART 1: Background Notes
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Part 1: Class Work

ISP203A ~ Global Change

Consider the similarities between the
Table A, Positive Feedback Loop
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:

Ses [hods an elament; Mhowoder 1h he weder cye (o

2. Evaporation:

on(m;zju; \%\M\ woder 4o des &S\Yﬁ herma) &mﬁy

3. Degassing:

oS ’éaunrg liguds

4. Chemical Energy (when is energy used and when is energy released?)
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Fill out Table B to the best of your éBflities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Water Cycle Carbon Cycle

Largest Reservoir

Longest Residence Time
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energy?
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Questions r\'.

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of COZ2 in the atmosphere?
H Wl perease +he residee Yime. . g asder rodky we pt
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

The added (05 wolld Morease %o,weaWnY? (ic. oF rocthg,
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wecderty (o s q posie Jteasktm%

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir 1o change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down. “

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upean completion of this activity, you will be able to:
» Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
Oceans, glacial ice, Freahwoaler, Abmenpheic (L0 4 mcll-:am), Occans (G
Reservoirs aAmcophese y gioundunter, biosphac |* D2+ HEOS ), biaspbete Cbiomass ),

lithosphere. CCaCOs . hudiocarbons)

Eaperation , condinsation , precipibedion Wealhtlina\ Ckgm“‘?l t1esion,

Processes Jmlm‘jc. sublimation, infi thelion, dizsetution, urial phelooynthesio

franonitabion

Deove resrdence bime.

. - l.i - .
Residence Times Atker Fluxof woks, Similar residenee Jimes

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservairs:

A compoanent of dhe climate sysiem which has Hhe capan'ij to store, accumulate | of telease a substanee of concern,

b

2. Evaporation:
The process of a liguid conver }inj to a gasous olake; vaporizadion,

3. Degassing:

The temoval of dboolwdja:c:. fiom 'l‘q,u.‘aj'cgpcciu"\) waler o1 aquecus solulions,

4. Chemical Energy (when is energy used and when is energy released?)
'[,-\,_.Tj i3 tefease d dm‘nj.ﬂnformalian of chemical bonds.

- Erﬂats in lchuilcd to break chernical bands,
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Fill out Tabie B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
Largest RGSSNQII‘ B Qeceans Lithosphec
Longest Residence Time Ceeans

L thesphere

Which is more important for
driving processes,
gravitational or chemical
energy?

(3mv.'}ah‘ona| ond chemieal
cnug‘j ore beth |‘mp01#an'3 in
the l\’}!olojic cLJck.

Giawitolianal ehual] caunes the

FI\U. af wales b‘rnonsa'l (e vallS,

Chemital reacliond cfncmgc:x
the »ubstance jn which
carbort io fovnd. Giaviloliora
cncgy i3 imparkend o the
buvial of carbon,

How are evaporation and
degassing SIMILAR?

Evapoialion ond tha::»l'nc) both invole theiniroduction

of gaveoud maker info o feacrvart.

How are evaporation and
degassing DIFFERENT?

Eiv,qi’)-b‘aﬁéh l{‘) f‘l;t‘"'\)oﬁarizo“on ola fic"ut‘cl babbm, whewq]

acanwinj > the release, of a gaa.
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
CO,+ 10 = HoCO, [H, (0, +Cal0, = CalHCO,):
Carbonie acrd found mhm”" in precipibation weathus fhe Whhosphete yock apg bicarborale enters the
hjéueop\-zfc. Ev:nlmlhj catbon erders dhe atenesphere,

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Meir 0z in dhe almasp hery enhanees the 3lcchhom>f. effect. More casben diouide a)so fmplics

lovges qruon}n'l-ic,p of carbonic gerd.

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Carbor sequestration a3 able 4 impack the Flux of carbon dionide,

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.

Covbon Scquestation 0> aVilia] mgans of chonj-‘n:j Pre qyon?ihj of catban inthe

Otrosphete,
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Part 3: Homework :
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.

1.
2.

Describe what it means for a reservoir to change size.

Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

Recall our earlier work with ocean acidification. How does an atom of carbon move
from COZ2 in water into rock? How would an increase in the processes that move
carbon info rock impact Earth's temperature?

Just for fun: How does an atom of carbon move from HCO3 in water info carbon in
your skin?
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

Lnere- 0o Corfoun BUTSIoU e 15 Beoredh haljg

e wader; ol or CO7

2. Evaporation: .
Ni- g \ﬂo’\& Yo Eha, atM@phace. <+ bev»ﬁ
Lery ol Q/E@\)Gea

3. Degassing:

(ng veliog of opses Eom hguds Cﬁukbu%g

4. Chemical Energy {when is energy used and when is energy released?)

e LNy Uk L a QWW\(@L
Farser v QY s XA € Wean
- = vClebsed
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Objectives
Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.
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Fili out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles
Feature Water Cycle Carbon Cycle

At Rprere | Alreephe

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,
gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

Evﬁparpﬁ)on i ey al 4o d ’fw‘s
| A ovgas and  degassins U
How are evaporation an NW\ M wl OJ_ 6[&5?}

degassing DIFFERENT?
\[}@!"‘ )\ ]\ﬂw\a&.
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1. Imagine we rapidiy uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

ISP203A — Global Change
Cycles

a. How would this uplift impact the residence time of CO2 in the atmosphere?

ks {3 Sl ST

pcogorEharal -t Bra VK, )0 0 o, —
b. Significantly more CO2 exists in the aimosphere since the industrial &y, | Ty

revolution and the widespread use of fossil fuels. What has been the impact Q{Q/C,QP

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

o, oddact . Fog Wt @he, wRbiarg ey
ot Yoz, m@\m@ o 07 Jce‘@\%w/wqaf

0 U UoL. Gre. ands adey— A
RO o) @S Jf@
2. Describe a situation where the size of a reservoir in the carbon cycle is changed

&t is impacts the reS|dence time of CO2 throughout the entire Earth system

W 2 e N (W‘”‘ﬁm&)

xmw o lorg g Tar iy, Do
Y@ L@af’wmdf\ Q%’eﬁﬁm

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth syste \QJ’Q, L,U&_Qd/
@f @m% \e@ché@ Qren \r@gw\f\cx

%W\QJ o O \O(V%C\Q)\f‘ \(@Nr o S AVAS
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Objectives

Upon completion of this activity, you will be able to:
* Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system 1o equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
. Buoyancy causes materials to rise or fall due to the relative density of materiais,
Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

MWTy ,(-of'Mj
Characteristic Water Cycle Carbon Cycle
- . 0o {aﬁv( it AR '
eservoirs o o (el 0. (o, 107
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Part 2: Group Work g

Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

” //K(CF e :fpwhy s bafd.
x5 slun pabr & covben ase pofl hatd e

2. Evaporation:

Uhen (g aq faing to  gas

3. Degassing:;

sy Povef Ao w0 Gan
o e afmesfhere

4, Chemical Energy (when is energy used and when is energy released?)

&Gf?) e u@(q( (,\/L\,Qn L)ﬁw{j‘ e (ofafﬁ?ﬂ
Vvoorelased  dwn boads ot fofpeol
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Fill out Table B to the best of your abilities. Muitiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles
Feature Water Cycle Carbon Cycle

Ilaciers o Cls

Largest Reservoir

e
Longest Residence Time A Ceqn 5
Which is more important for BV itort 190 ( M/‘i M Cg (
driving processes, 9
gravitational or chemical
energy?
(Oom oo lve 7Q§/g; u(ﬂj
How are evaporation and
degassing SIMILAR? peleased (ot e afm

Qrd{yal"“’i—(’ﬂ C{{/L’lgef Vvo\l&/ ‘{‘9 dé\ﬂ’/l%
Stecie S

How are evaporation and % y i
degassing DIFFERENT? / CZ’Z/"M/‘ 4/ /=ves Ly buf

/{(9!5’1\{ ¢ bon (;-;E&
» m@
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1. Imagine we rapidiy uplift a large chunk of continental lithosphere o make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
Thie  (oenld  (qgtase 0@7959@, Nl ereases
Slov ofF  Cog (ot et flwefie e as’1 5 %4 T

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added COZ2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

e @f'ﬁ{ &é\m% ‘n ][U”P Cayqses
r"
@C(:S ff (/916@/ rncf‘fa}’/y (/J&c‘ﬂ‘@”i}p,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacis the residence time of CO2 throughout the entire Earth system.

Mot gssl s La@} Ltnd  (ncreases
e omment o coyp  (n 7‘%, otra,  Thg
Ap (oeasts fle £,

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.

Th tne vesidence B2 For (o, in the oar
s iacreased, tren e (esidence il D (0.
i tre atriospere will dacease
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal inio the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives w
Upon completion of this activity, you will be able to:
» Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work

ISP203A — Global Chande | i \\

Consider the similarities between the
Table A. Positive Feedback Loop

GROUP #:

A40.2 08 446

Student [IDs of Members Present:

Characteristic

Water Cycle

Carbon Cycle

Reservoirs

oeean, [&'m’ g,laa'er?} streams,

clouols {in & ot PW)‘gmumﬂ.-
wife

atmosphere ( oy , methane Cliy
Ouans (calcitn carl GOy ] o, i
biomass (sugar, organrc bon ;

Processes

evapora hirn, gﬁs, Precipy Tahos
discharge, sub fimatm, “in ﬁ'/fmf;'ﬁ;
7 Lecharg ¢, fransperapm, /

clegassir g ; buriel ; otean acrbaﬁ'm
Photosyn thewsfrespimbon | metabolis

Residence Times

lower R1, lote R e for fo restivoiR)]
incweane inflow, ot flow eluntfse”

1.
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:

2- Evaporation: fndft/ ma/m/ boﬂd’ bvﬂ{{_ tlp - /Pf/bud /uc"f{;f;‘? I}J f‘pjﬁ;

3. Degassing: when (O3 Jo€ fromm ocean 4o afmosp here.

4. Chemical Energy (when is energy used and when is energy released?)

7L(th5porc. fen ']Jian s Yake cwater frem soil « wlease in ﬁ;a'hy,m/ﬁ,em‘

MUGassing — ocean o atmosphere - (90;

DGCQY - feeleey.c CO&

2

P
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

- /‘
s /aﬂnosph.aw
Largest Reservoir biosp hene
which hes g Le ((r'ln’nﬁ o decst )

cabon g fopd

Longest Residence Time

roido b oz | chenical eneq
Which is more important for ‘gz;j;h - L
driving processes, ¢
gravitational or chemical
energy?

E\mrom bhow has foete w/] water — 1 05 Lhe

How are evaporation and | ¢*¢ Preakszg.

degassing SIMILAR? b{gmssrng- has 4o olo cf (Dy, (Dhew COo
Hoen frem ocean into ot os Phae,

H.0 goer from e Vgeier # 9as ~ fhe bonats bf moled

letlhen

L ﬁveg ane both g° o atmosphew, o

_ are bwaking moleeules,
How are evaporation and
degassing DIFFERENT?
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1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarhonate, during weathering.
These weathering products make their way into streams and eventually oceans:

a4 ._(‘::
ISP203A — Global Change
Cycles g

Questions

a. How would this uplift impact the residence time of CO2 in the atmosphere?

1N e et wq; becauye  when rock weathen on. L eacusy

4“3 wlease more (g, _23/ WGC?"L!"-Q“‘”J Fock ad’c//né;. COy to cutm,
ove CO2 In g,

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO?2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

If more CO2 jn atmosphere in drages Woathering L/
Wr WwWfH,0 Cawne acief

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacis the residence time of CO2 throughout the entife Earth system.

‘Tf the S/Z ¢ caf L etsel VOIR ﬂ'fmosf’w ehan?e); fo elo.en

the T _-
If RT jncneane ) Tren Cop will Aeenease, (n. e ?C-J»M‘ff/g.*f'ﬁ,‘

TSN becaune s tricteet the et lOw,

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system. T

lf RT for. rescevoit invvancy $hew the resid pme ‘-

09 throyguout Lanth system INenenaes As wypp
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Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of COZ2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin? ‘
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
» Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback L.oops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
B - Qo | Awecpiure, (CO7,CHD
Reservoirs ' QC\Q}(‘S %rm{-@-mmmm o))
: %S*-rmms Bloros (bugors Orgonit o)
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: fyekrficio) 0ke +1os 15 used *o Skore LUkEr
AT b Oeede).

2. Evaporation: DY DCRS b\\ LINien \)\‘Qﬁr 3 Q@\Vﬁf"\td QYQM
\\qu\d Corca Vapoo.

3. Degassing: Proless oy uanian dies B\\ﬁé%@& & fennoved Fam
Water or ofnef HQUIC Solutiens .

4. Chemical Energy (when is energy used and when is energy released?)
Porential of o Chemical SUDtan el o
NAdec ’o o ONeenico) onc;h (1 etm%@\ OF +0 +ram By
Cneedt ol Sustancas {uged ? ™
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Fill out Table B to the best of your abilities. Muitiple correct answers may exist for a
single box. Try to include your reasoning along with your answer —- What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Largest Reservoir

Water Cycle Carbon Cycle

Longest Residence Time

Cirascduiader Lnospnere

Which is more important for
driving-processes,
gravitational or chemical
energy?

Girovikoh ol tﬂe!‘S ¢ | Uoemnical energy.

sty For doser y cmwif;%\a'
Woker 40 ol o dibbereryt Correy
WOk rUNGEE.

4 oo

How are evaporation and
degassing SIMILAR?

Jostanes Ot RN dissoved and
rdag.

How are evaporation and
degassing DIFFERENT?

Qapocali s Meithur inko Gir

’D@ﬁ wmc (omoees watrer Framny
8\}13%0’\(&
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. - How would this uplift impact the residence time of CO2 in the atmosphere?

N Q) InCrease tne residente e ecou Fure
LIING DL wrege COT IR BhnasPRat.

i
M
O b. Significantly more COZ2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fueis. What has been the impact
of this added CO2,on the weathering rate of rocks found in mountains,
monuments; and bricks?

‘ IRoor7ies M Of) ~
Hors 3) & n S“w *%?O’L

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

If Hhe Diomas 18, deoreased (rees ek douon) P
Loz wodd Wioease Grd ths Laeud wigreage Hee
WS’\@%QQ;;L NeCERi N

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
coh and Mnioeals \r\’m Cir s wiould WNerease S g
residence Hone 0 GRRNQspiRfts.
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in chanding COZ2 concentrations in
Earth’'s atmosphere :

o Reason to how this will impact temperature

Causal Principles

1.

o grwN

©

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed 1o break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

(¢ tons ledes /A bonas b
Reservoirs e , f o< '53/(

EVAROIGRON, (onclensatygrn, AUGASUNG , Buyrial
Processes PreClpit-anom, d) Saqajygi(jh ¢ Cgclﬂé ' ild baLCOJ% an
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

pf\n“\ét":ﬂ P\CLCQ For  a substencg Suehas
lCRes™ T B s cuxale .

2. Evaporation:

The process’ & \\C(UTC\ (azccw\\fj O 3@5 .
UUJ Conrn Y TR LealtsT C\jc‘( wheft  eaie BT ceserudny

uefeeies AT R e and ethbual y  condanses,
3. Degassing:

(esloon, Qawide. @~ & 255 Foona W hydrasprae
bicae s o a5 & ﬁ‘w’ WA e aomasphare .

4. Chemical Energy (when is energy used and when is energy released?)
bR
(:Nf"j&j 15 wed  whea  bad>y B and

(t\{&)(_é W en looz()‘;‘ ‘qurv'\_
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
Largest Reservoir OCLONS Lieneskane
Longest Residence Time 0CLans (g Soorna_
Which is more important for 80y v choraeos .‘5 e
driving processes, chendeq)
gravitational or chemical
energy?

Tm@"fj RS Sro O UAMADWIR,

. 0Ceens 1ol ke, ko ot alomagpiwre
How are evaporation and
degassing SIMILAR?

€ucpy. ¥5 Laud b ger ond
W;\\w N s 9&6‘*—"‘3‘)\5\

How are evaporation and
degassing DIFFERENT?
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
Tecceose brccast  corbon Bronn oS wavd ek Mg

e annsphUR .sz cﬂot‘%*\\ly C&k\)“b"""”l cobw\vj e
v WA g cestdice ae 2auettan

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks? ‘

N Creeoes w{c‘t’k‘o\‘«rj ek .

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Cores  (ed  deberiontiing cousvy  mee Cal
b e Melgued ' 0CetuS Luhyel YA eeses™
Festdance.  thwnaed becure, CHRI% 15 a domdT

resesoeT  oand. ra P our octRaw

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of COZ2 throughout the entire

Earth system.
G,\mqm] o fosnill fuds releres acve. Cog
P A b wWN acrestT Cotdhnce g
RN YA T \ACreses ¢ Bar sestdiace

[ YVS R
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what .
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon complietion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason io how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy andfor chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher iemperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

G wN

o

PART 1: Backgroeund Netes
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Part 1: Class Work

Consider the similarities between the

Table A. Positive Feedback Loop

~)

GROUP #:

PAOAGTIAZ
A UGG S
ALLT0 4949

Student IDs of Members Present:
A4L42726G

Characteristic

Water Cycle

Carbon Cycle

OCeans, Q\ACIENS3, laKes,

otrnostere (o, ,CheY, ooaans

lCDg)

Reservoirs Streams, Cloas/ otrnosorei®y | (Calo sy Oy, Blosr+) | 0ibmass
QNG Ny i (3ol aramc) | tithosorere (
S0pOOnon, CONAENSation, | deopssing, toriad, oéann. ariaif
Processes DECipictaon, ASAOGE,

uplicration |, [nfiltyoraon ; €4

Dy\omhﬁfa%, YeSpaaon,

ortovy,

Residence Times

DLy Time = lower amg,
IPIOW & DUFIow LE

kb?.flﬂn@hf% Jnormgns
(SOre)

Part 2: Group Work

Make sure everyone in your group understands these ferms before moving on.

1. Reservoirs:

Doy ot Yoldd suwstinee (Eitiier Lo o covbon. i this

20

2. Evaporation:

Wreaking eolecUies N B0 D crange fom quid o

s

—

3. Degassing:

Wieen  COYEon dioXide  mava3 Trom  orenn fn aamosenere

4. Chemical Energy (when is energy used and when is energy released?)

Cremiol £rey s 1eed ™ @k or form ONdS. WOER pond3
Gt formed eredd s U 08 reensed  uuren bords  peak
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles
Feature Water Cycle Carbon Cycle

Largest Reservoir

OCEONS | OCEONS

OLEONS - AL oMY CeearS - \vaey amt
(reQrd \oroer T mEans 1oroer .t

Longest Residence Time

All erepies aure
Which is more important for | {mgortamt XCOUSC. ..
driving processes, '

gravitational or chemical Jd'vcg aJl e an
energy?
GX@C \d

Bocn ToNe the SUdsToNe  {parbon or  uak)
Fom ocan 0 gumogpnerd

How are evaporation and
degassing SIMILAR?

I eNapo@dion | LAY femans  uder ot
crongg® STORS. I 4EAsSieg, Qroon Crarg

How are evaporation and | ¢oomn
degassing DIFFERENT?
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
smalt pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
Aypunt 0F Oz in otmnoseere  inerasesS 3D
VES. gme InerRases '

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Wernenndy 1oteS  have inceased s thined oreak doun
FOSEN 7

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

e 8z of Tre ol i cnanged
20 vldene tme. Chonges

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
Yesidencd. Ome in one eyyy Cfreds

Yhe entve syYdhem.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’'s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carben in
your skin?
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Fill out Table B to the best of your abilities. Multiple correct answers may exist fora .
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,
gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

How are evaporation and
degassing DIFFERENT?




ISP203A — Global Change a%

Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere 1o make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

e o /pf/ﬁi wardd Jacccase the resiclace Hee  of N (O
| : 2
in Hhe atrospirce becacse fhece s pore G,

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks? .

The exthea (0, rrres 2ck> fo (eather {aster.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

AL .. j
o ex S L R 5;04@@ i[5 osmaller & cor ot hefd ey ety
C&DI . a\ff c.—p '/Af’ Oyf[y_L,'\ /ESGPL/O(\(\S L\/C,u/d 44'\/( ‘{3 AO/C!
MNele (OQ \ Sveh &S ’JZ[LC ﬁ"’_/‘ICS/ﬁAQ/\@ tobich coald
ety e Fa A

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
I{\ fle SeSer %w%é?& Acsy a Shenfers
[¢s idence hrme | Ao peSariaise WA hace s Cery2e s Seigfe.

e {(‘c’&/ Al b e 1= hold rere ,C“!&-i
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Objectives
Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecuies move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

o wn
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PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the

Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
lown .
Reservoirs 0 L ke, T“’“‘J
WP FON

m b/.r_?‘,r‘l-: Oy
Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:
A(‘l—:éb-\=\ .\Albk ‘JQ"“J o~ -

& ‘f" f‘y« Nl\_rn ] gt
R4 WP S A 67\7’
2. Evaporation:
av

T\u\ &\@M i J;cusvm‘ﬂm] a U

3. Degassing:

\B\\/Wl)'\/’b") }An N [ Wvu) éw u'\\,\_‘__‘
o, Hoa \‘\Z";J f),\./t.lw}_

4. Chemical Energy (when is energy used and when is energy released?)

X wa-\ A VL\\:‘_\ cvw\y,( (JJ,L{J o

BA/\\ }A—(JLLv{"?\\ aﬂ(m-vu?};w-—v\wl" 3 L _\_'leq
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

A o
~Nlafa gt ZIV"‘{BL‘""(

Largest Reservoir
«@ﬁ

Loves b cordewe |Mors o
L e Man

Lr'b.,,\’ {eatre: O/ D vant .

Longest Residence Time )_; VTN

[N

Which is more important for

driving processes, é P L\_?,m_ \

gravitational or chemical
energy”? g

{ v o

v)o'u’\ &mw e T l\\;\

How are evaporation and
degassing SIMILAR?

hY

How are evaporation and | V~Ps¢
degassing DIFFERENT? \L\A .

%‘nq o P./Huu.) v A

! LMVJW) .
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Questions
1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge

mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CQO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin? :
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Maiter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop
Characteristic Water Cycle Carbon Cycle
_ OLea), RNOLCVLS, \UEL | PrrpnDspnece,
Reservolrs Sere TABENEST, W,
. e
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

QLS WINEE SAeMENtT awe. Stoved

2. Evaporation:

eeaing QoW 0F LWOK o\ Lude 3 pou0G
VIO RO Mne SxINOspnere.

3. Degassing:
awnen, Loq @ LveE 3 0L oo Op@& LOTD

QX OSPNECE.

4. Chemical Energy (when is energy used and when is energy released?)

mw S wsed o OVerke ool pod
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
Largest Reservoir Q\ \OVExS L\mMestone
Longest Residence Time O NS | LW sTone

Which is more important for
driving processes,
gravitational or chemical
energy?

FTOMN sk sTwAF o Mne
o&moxgoherc

How are evaporation and
degassing SIMILAR?

ENOPOTTRIND Use S W0

C\Ci ASE S
How are evaporation and IR OGSO O

degassing DIFFERENT?
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of COZ2 in the atmosphere?

TR Luoulol WOWER Me e LA AV
Ok (O UM HNL GRMNOSENEre YR CQILse. e
N NOCUNE OO O xrease.
b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

LOCCUMNEr LN, O, €Ol B
UNCTreane

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

\E L U e0LUnNT OF CO2 Lncrepe O Mg
CLERY, NN CUNOWRs O (O YAVDBIN0wL SAns
O EaNwin g iuéj&ccm OO g gf LOCreqae.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.

1E dag. o0 QU O o LOCCEEEleR W
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EanAns SU AN VNCCLULL LOYNUN ki eirea se s
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.
1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCQO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equiflibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is @ measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback L.oops can accelerate, decelerate, or dampen change.
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Part 1: Class Work

Consider the similarities between the
Table A. Positive Feedback Loop

GROUP /V?
Student IDs of Members Present:

; M 7129105

m A3H15519

Characteristic Water Cycle Carbon Cycle
OC,QﬂJf\ %fqgidrs ledes Abmozphaere (€02 CHH) Ceq‘
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Mo or less Hhe same.

Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: Stooge

2. Evaporation: liguid fo gas clanye

#
oven® where wole and carben aee .

3. Degassing: (as Going, inke fla akmnosphere Hhrough o Feseevoic.

4. Chemical Energy (when is energy used and when is energy released?)

Whin molecufes bonal fosefler oc brtak emrgy s realeascd

15 chentical encry

Jv-

anch ﬂu.u’-

F2R8
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer — What evidence do

you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle
Largest Reservoir Oceans - Tt i Lithosphere - Eerylin,
e lacgest bedy of Mok is posted bl fle suhe
USCLL“‘- Hi a -
wugh burial.

Oceans— Ils ta lugsf] Lilhosphere - T4 slays

Longest Residence Time bady of waler tn all 3 n Hae K Hwyphare unless
Skages. howans, do et it ouf, bacabhaly,
Of oML 'ltbligﬁl.

Rot \{V\Pcrdzu\& - Cheintical P

Which is more important for enecsy eCleks bunds ko
driving processes, ,
gravitational or chemical | Grwitahisnel enzrgy effecks

? ; “
energy e wmevement Fom aag reserl
2o cacthber.

They bobn POJ, gas inks ¥ho admosphere

How are evaporation and Jrlr\ X
degassing SIMILAR? roogh e reRevoi

E\rck?cttk’\'r‘m O\Lﬂlls wi Ha Hzo anck IT%UVJS rm(‘f,

How are evaporation and .
degassing DIFFERENT? | Dejassing chals wtith Carbon awel can come frann

seAteks § rgurdls
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Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
Tnerestse, because 4 13 daking corbon aok of #he lithosphere ol
’P\JH’“\b Wb %ol‘/wr reservairs .,

b. Significantly more CO2 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Inu‘eﬂs{‘ Be,ca&w& Hhare s a lof more LN ~nakued or Man-masle
w@&l’km\ﬁ occorrnsy makdy fhe rife incosse

Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

N qint coal reservair 3 dvg vp and usedl in facksfes . Thi puls
Mot Cacbon in the afmosphare and less in He /l'/éo'spfwv.

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system. __ . ) i
LF fhe 16/14‘96(&11//‘8. fnereased (F would increcese ocean  acid Gzafion

anel nuease fhe residence b because of Fhe ocenns size . This wokd
Increase 4 Hme it fakes b make stoshad(s,
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of COZ2 throughout the entire

Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from COZ2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?





